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ABSTRACT.

—

Biologists study free-living organisms in order to determine the extent to which they are

adapted to their environment (which includes abiotic factors, conspecifics and heterospecifics). Ornithol-

ogists have exploited the fact that a number of hole-nesting birds readily breed in nest boxes. Boxes are

artificial environments which often reduce the negative effects of nest predation and ectoparasitism, and
nest boxes are frequently provided at unnaturally high densities. These aspects of nest-box studies may
have important implications for the interpretation of current knowledge of the life history, population

dynamics, and ecology of birds because much of the information is derived from nest-box studies. I review

the consequences of nest-box studies for the inferences which can be made on bird biology in general and
raptor biology in particular. Finally, I suggest ways in which the results obtained from nest boxes can

be generalized by quantifying the bias of nest-box studies as compared to studies of the same species

breeding in natural cavities.
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Realidades y artefactos en estudios de cajas anideras: implicaciones para el estudio de aves de presa

RESUMEN.

—

Estudios biologicos de organismos silvestres se realizan para determinar la extension a la que
ellos estan adaptados al medio ambiente (que incluye factores abioticos, conespecificos y heteroespecificos).

Los ornitologos han explotado el hecho de que un gran mimero de aves que nidifican en cuevas o galenas,

se reproducen en cajas anideras. Las cajas son medios ambientes artificiales que a menudo reducen el

efecto negative de la depredacion y el ectoparasitismo, ademas estan disponibles en altas densidades, que
no necesariamente son naturales. Estos aspectos del estudio de cajas anideras, puede tener importantes

implicaciones en la interpretacion de conocimientos sobre la historia de vida, dinamica poblacional y
ecologia de las aves, porque mucha de la informacion ha sido derivada precisamente de estudios de este

tipo. Revise las consecuencias del estudio de cajas anideras respecto a las inferencias que podrian ser

hechas sobre la biologia de aves en general y sobre la biologia de rapaces en particular. Finalmente,

sugiero maneras en las que los resultados obtenidos de estos estudios podrian ser generalizados, cuanti-

ficando el error que se obtiene al comparar con estudios de la misma especie que se reproducen en cavidaes

naturales.

[Traduccion de Ivan Lazo]

Current knowledge of the biology of birds is vast

compared to that of many other classes of organisms,

and this is mainly due to the immense interest in

birds and the ease with which bird studies are per-

formed. A large amount of information on avian

biology can be attributed to the success of nest-box

studies, and areas of research influenced by these

studies include population regulation, life history

evolution, quantitative genetics, sexual selection, and
reproductive physiology. Many of the results have

been included in textbooks and form the basis for

generalizations on bird biology.

Ornithologists put up nest boxes for the joy and

pleasure of having breeding birds around, the wish

to enhance population size and reproductive success

of cavity-nesting birds, and the ease at which bio-

logical studies can be performed on birds in nest

boxes. If the objective of using nest boxes is the

second, or particularly the third, mentioned above,

there are reasons to plan the study carefully, because

nest boxes differ from natural cavities in a number
of different ways, and this affects predation risks

and infestations with parasites, and therefore poten-

tially a number of reproductive parameters (Moller

1989, 1992). Most individuals of cavity-nesting spe-

cies breed in natural holes and it is likely that they

are adapted to this environment. Individuals breed-

ing in nest boxes mainly originate from the fraction

of the population breeding in natural cavities, and

this may make tests of adaptive hypotheses difficult

by relying entirely on populations breeding in nest

boxes.
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I briefly review (1) the effect of nest boxes on the

probability of nest predation and ectoparasite infes-

tations, (2) the effect of nest-box density on repro-

duction and interspecific relationships, and (3) the

relationship between features of nest-box design and

avian reproduction. This is done by relying exten-

sively on the vast literature on hole-nesting birds

including that on raptors.

Comparison of Nest Boxes and
Natural Cavities

Nest Predation. Nest predation is one of the most

important determinants of the reproductive success

of birds (Ricklefs 1969). Cavity-nesting birds have

been supposed to suffer less often than open-nesting

species (Lack 1954, Nice 1957, Ricklefs 1969, Kor-

pimaki 1984, Sonerud 1985), but this apparent dif-

ference is due to low nest-predation estimates ob-

tained from nest-box studies. A Swedish study of

seven different cavity-nesting passerine birds re-

vealed on average 62% lower mortality due to pre-

dation in boxes as compared to natural cavities (Nils-

son 1984), and similar results have been obtained

elsewhere (Korpimaki 1984, Lundberg and Alatalo

1992). Unbiased estimates of nest predation on hole-

nesting birds breeding in natural cavities do not sug-

gest that the predation rate is any lower than in

open-nesting species breeding under similar envi-

ronmental conditions (Nilsson 1986).

Nest predation rates may depend on the intensity

of begging calls of offspring as mediated by their

hunger level (Skutch 1976). Offspring raised under

poor environmental conditions (in poor habitats, out-

side the main breeding season, or by parents of low

phenotypic quality) may suffer from predation more
often than others. The use of nest boxes and the

resultant reduction in nest predation is therefore

likely to particularly improve the reproductive suc-

cess of individuals of poor phenotypic quality (e.g.,

young birds from poor habitats of low competitive

ability).

Nest predation may be relatively less important

for birds of prey breeding in nest boxes, because

these species are able to efficiently defend the box

against predators. However, mammalian predators

are sometimes important in boxes inhabited by owls

(Sonerud 1985). The extent to which nest-predation

rates of birds of prey differs between boxes and

natural cavities has not been quantified (but see

Korpimaki (1984) for a preliminary study).

The effective elimination of nest predation from

boxes may affect nest site choice of females (Alatalo

et al. 1986) and increase the overall reproductive

success of birds, particularly of individuals of low

phenotypic quality. Reproductive strategies of birds

have been suggested to be influenced by nest pre-

dation (e.g., Slagsvold 1982, Lundberg 1985, Lima
1987), and the reproduction of birds breeding in

predator-safe boxes may be severely affected by the

absence of any predation risk. Tawny owls {Strix

aluco) at some locations in Britain prefer nest boxes

and have abandoned natural sites entirely (Petty et

al. 1994).

Ectoparasitism. Ectoparasitism may play an im-

portant role in the life of birds, and affects aspects

as diverse as reproduction, interspecific interactions,

and sexual selection (Price 1980, Price et al. 1988,

Hamilton and Zuk 1982, Loye and Zuk 1991). Ec-

toparasites are common inhabitants of cavity nests,

and a number of experimental studies have dem-

onstrated severe negative effects on reproductive per-

formance (review in Moller et al. 1990). The high

virulence of ectoparasites of hole-nesting birds may
be due to their frequent horizontal transmission to

other conspecific host individuals. Horizontal trans-

mission is likely to increase the virulence of parasites

while vertical transmission generally selects for re-

duced virulence (Ewald 1980). Old nests and their

contents have traditionally been removed from nest

boxes, even though this procedure has not been re-

ported in publications (Moller 1989, 1992). Scien-

tists using nest boxes as a tool have repeatedly ex-

plained to me, when asked why they removed old

nests from their boxes, that nest removal was adopted

because ectoparasites were a nuisance to birds and

field assistants! Nest removal may have resulted in

substantial reductions in ectoparasite loads of nest

boxes compared to that of natural cavities.

Ectoparasites have a number of detrimental effects

on bird hosts. These effects include reduced attrac-

tiveness of potential nest sites, delayed reproduction,

increased mortality, reduced growth rate, premature

fledging, and reduced future reproductive potential

(e.g., Moss and Camin 1970, Brown and Brown
1986, Moller 1993). Ectoparasites are frequent vec-

tors of diseases (e.g.. Price 1980, Marshall 1981),

and reductions in ectoparasite loads may reduce the

probability of disease transmission.

The effects of parasite abundance on reproductive

performance have been assessed experimentally in

a number of bird species. One interesting finding is

that the same ectoparasite species may have dra-
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matically different virulence in different populations

of the same host species (Richner et al. 1994a, 1994b,

K. Allander and R. Dufva unpubl. data). This result

suggests that it is difficult to make any generaliza-

tions from one study to another, even when the same

host and parasite is involved.

There is no information available on differences

between boxes and natural cavities for raptor ecto-

parasite infestations, but the removal of debris and,

hence, parasites from nest boxes may reduce the

variance in reproductive success of hosts, particularly

due to improved reproductive performance of host

individuals of poor phenotypic quality (Moller et al.

1993). Raptors may also suffer from horizontal

transmission of virulent parasites from prey, partic-

ularly in natural nest sites where prey remains are

left behind.

Population Density. This feature has been hy-

pothesized to affect a number of reproductive vari-

ables such as the timing of reproduction, clutch size,

and reproductive failure (Lack 1954, 1966). The
direct effect of population density has only been ver-

ified experimentally in a few cases (Lundberg and

Alatalo 1992), although the amount of circumstan-

tial evidence is considerable. Most nest-box studies

are charaeterized by higher population densities than

in surrounding areas without boxes (e.g., Marti et

al. 1979, Ziesemer 1980). Population density is

known to affect the intensity of both intraspecific

and interspecific interactions (e.g,, Lundberg and

Alatalo 1992). Density-dependent intraspecific com-

petition may account for some of the reductions in

reproductive success at high densities, but this effect

will depend on whether birds breed in natural cav-

ities or boxes. Provisioning of boxes has been shown
to result in dramatic increases of local population

density of birds (von Haartman 1971) including rap-

tors (Marti et al. 1979), perhaps severely increasing

the intensity of intraspecific competition. Density-

dependent nest predation has been reported from

one study of nest-box breeding tits (Dunn 1977).

The intensity and the prevalence of ectoparasitism

are density-dependent in a number of cases (review

in Moller et al. 1993). Ectoparasites particularly

have detrimental effects on their hosts during poor

environmental conditions (Moller et al. 1993); for

example, at high population densities. The repro-

ductive success of hosts breeding in nest boxes may
therefore particularly be improved at high popula-

tion densities when hosts otherwise are severely neg-

atively affected by parasitism.

The negative effects of nest predation, ectopara-

sitism, and population density may interact syner-

gistically in a number of different ways. The effects

of interspecific interactions may be partieularly se-

vere under high population densities, because re-

source abundanee per individual is low. The effects

of nest predation may also be aggravated under high

levels of ectoparasitism, because parasite infestation

may increase the level of hunger and the begging

intensity of offspring. Interaction effects on repro-

duction are likely to be reduced in nest-box studies,

where the level of parasitism and the risk of nest

predation are low.

Design of Nest Boxes. The size of cavities affects

the frequency of occupation in a number of different

bird species, including raptors (e.g., van Balen 1984,

van Balen et al. 1982, Rendell and Robertson 1989,

Bortolotti 1994). Cavity size and location affect pre-

dation risk (e.g., Lundberg and Alatalo 1992), and

settlement by prospective breeders may therefore de-

pend on the phenotypic quality of individuals. Low
quality individuals may be unable to get access to

preferred natural nest sites and be forced to accept

nest boxes of lower quality. Alternatively, nest-box

dimensions may exceed what is available in the en-

vironment, and a small number of nest boxes may
result in primarily high quality individuals settling

in boxes.

A second feature of some cavity-nesting species,

including raptors, is that reproductive parameters

appear to be adjusted to the size of the cavity (e.g.,

Karlsson and Nilsson 1977, van Balen 1984, Kor-

pimaki 1985, Bortolotti 1994). One study has re-

ported a causal relationship between cavity size and

clutch size in tits (Ldhrl 1973). It is also possible

that birds may be able to assess the risk of nest

predation as determined by the features of the nest

cavity and adjust reproductive investment to per-

ceived risks (see Sonerud (1985) for a case of nest

site choice in Tengmalm’s owl Aegolius funereus).

The reproductive success of birds breeding in nest

boxes can therefore directly be influenced by the size

of boxes provided, and the features of nest boxes

should preferably reflect what is available in natural

cavities, if scientists intend to make inferences about

the adaptive nature of reproductive deeisions.

Conclusions

The points raised in this paper may appear to be

of minor importance compared to the amount of

information gained from large-scale population
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studies using boxes (Koenig et al. 1992). This con-

clusion is premature, because most current studies

of cavity-nesting bird species address ecological and

micro-evolutionary questions with the hidden as-

sumption that birds are able to utilize the situation

in nest boxes in the same way as natural sites. For

example, scientists have for several decades studied

optimal clutch size in hole-nesting birds by relying

entirely on birds breeding in nest boxes, that exclude

or reduce important causes of nest failure. However,

the assumption of comparable responses in natural

nest sites and in boxes has not been rigorously tested

and this gives rise to a host of validity problems.

Experimental studies usually consider four dif-

ferent types of validity, viz. statistical conclusion va-

lidity, internal validity, construct validity, and ex-

ternal validity (e.g., Cochran and Cox 1957). There

may not be a high degree of statistical conclusion

validity in nest-box studies if there is no covariation

between two or more variables of interest. The in-

ternal validity may also be low if there is a lack of

standardization of treatments within and between

subjects, as would be the case if a particular kind of

bird such as competitively superior individuals are

attracted to predator-safe nest boxes. There may also

be problems with construct validity which relates to

the cause and effect constructs involved in the re-

lationship. For example, if the effect of population

density on reproduction is studied in a nest-box ex-

periment, there may be other differences between

plots than differences in density; for example, if a

larger proportion of low quality individuals breed

in boxes provided at a high density. Finally, nest-

box studies may suffer from problems with external

validity, because it is impossible to generalize a prob-

ably causal relationship across individuals, times and

settings (natural cavities and boxes). External va-

lidity may be reduced because of interactions be-

tween selection and treatment if a particular kind

of individual is attracted at high population densities,

because of interactions between settings and treat-

ment (population density is higher in nest-box plots),

and because of interactions between history and

treatment (individuals that have previously bred in

boxes may preferentially settle in high density plots).

Recommendations

The current knowledge of birds is to a large extent

due to studies of hole-nesting species. Scientists have

exploited the opportunity to obtain information on

large numbers of individual birds throughout their

lives by providing nest boxes. My criticism is not an

attempt to discard previous knowledge but to en-

courage better nest-box studies in order to validate

the results of previous studies. This can be done by

following a number of simple recommendations.

First, it is very important that scientists report

exactly what has been done in a particular study.

Only detailed knowledge of what was done will al-

low comparison of results from studies in different

sites. A brief list of questions includes the following;

What was the size of boxes and the size of the en-

trance hole? Were new boxes provided annually?

Were old nests or nest-box debris removed? What
was the density of boxes?

Second, nest-box size and the size of entrance holes

have been found to affect occupancy and various life

history characters. This problem can be handled in

two different ways. Nest boxes with mean dimen-

sions resembling those of natural cavities occupied

by the species can be provided. Alternatively, the

experimenter may in a pilot study provide boxes of

a range of different sizes and record the response of

the species to variation in box size and the size of

entrance holes.

Third, it is essential for all nest-box studies that

comparisons are made between reproductive param-

eters in nest boxes and in natural cavities. This has

now been done in a number of species (e.g., Kor-

pimaki 1984, Robertson and Rendell 1990, Lund-

berg and Alatalo 1992, Bortolotti 1994, Gehlbach

1994), and many studies have reported increased

mean and/or reduced variance in reproductive suc-

cess in boxes. Assessment of reproduction in boxes

versus natural cavities could preferentially be made
in a pairwise design which controls for differences

in environmental conditions (Gehlbach 1994). This

will allow conclusions about the extent to which

observations from boxes are comparable to those from

natural cavities.
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